. Thorax, 31,[25][26][27][28][29]. Chronic bronchitis-measurements and observations over 10 years. A total of 111 patients with chronic bronchitis were selected for study in 1963. By 1974 only 54 patients were available for clinical examination, chest radiography, and pulmonary function measurements. There was a significantly higher mortality compared with men of the same age and in the same locality, and this was due to cardiorespiratory failure and bronchial carcinoma. Reduction of cigarette smoking, declining atmospheric pollution, and antibiotic treatment have reduced the 24-hour sputum volume of these patients. The initial one-second forced expiratory volume (FEV1) and vital capacity were significantly lower in those patients who later died from cardiorespiratory failure. The duration of antibiotic treatment and the smoking record have not significantly affected the decline of the FEV, with advancing age. The transfer factor (diffusing capacity) for carbon monoxide (TF) has declined more in those who continued to smoke. Of the 54 patients 14 had radiological evidence of emphysema initially. This has shown little change over 10 years.
The results oflong-term prospective studies in chronic bronchitis have only recently become available (Burrows and Earle, 1969; Bates, 1973; Ogilvie et al., 1973; Howard, 1974) . In an earlier study (Johnston et al., 1969) , we reported evidence suggesting that chemoprophylaxis for two, three or five years in patients with chronic bronchitis reduced the decline in one-second forced expired volume (FEV,) , but our numbers were too small to be statistically significant. We have continued our earlier study and now report further observations over a 10-year period. PRESENT STUDY From patients attending the chest clinic in 1963 we initially selected 120 men aged 38-60 (average age 52 years) who were working and had a history of productive cough for at least three years and two or more respiratory illnesses causing absence from work during that period. Nine patients were excluded because of incorrect preliminary assessment, leaving 111 who are the basis of this study. We had already excluded patients whom, because of the degree of their disability, we considered unlikely to remain employed over the next five years and also those with any other significant disability, for example, systemic arterial hypertension (BP> 160/90 mm Hg) or a history of intolerance to antibiotics. All patients were seen monthly during the winter.
At the October visit each winter we assessed the grade of breathlessness and classified the patient's employment. The smoking history was recorded, and, if the patient was still smoking, he was advised to stop. The patient brought a 24-hour sputum sample collected during the preceding day in a graduated jar, and the volume and macroscopic appearance of this were recorded. The presence of pus was noted, and classified according to the method of May (1965) .
Posterior-anterior radiographs in inspiration and expiration and both lateral views were taken in 1963, 1969, 1972, and again in 1974. (AP tomograms at the hilar level and 2 cm behind this were taken in 1963.) The following features were recorded-reduction in calibre of the peripheral pulmonary arteries, a homogenous and more translucent background, localized air trapping on the expiration films, bullae, increased lung volumes, increase in the transverse diameter of the heart, evidence of right ventricular enlargement, and finally an overall 'artistic' assessment of emphysema. These readings were repeated after an interval of six months and 10 years, and a comparison was made between the initial and final films for evidence of change in the extent of emphysema. The 25 films were read by a radiologist who had no clinical knowledge of these patients.
PULMONARY FUNCTION Tests were carried out in the autumn of 1963, and the spring of 1969, 1972, and 1974 . Vital capacity (VC) and FEV1 were measured from the best of three recordings on a fast-moving kymograph by means of a low-resistance spirometer. Functional residual capacity (FRC) and residual volume (RV) were measured by the closed-circuit helium dilution method. All volumes were corrected to body temperature and pressure saturated with water vapour. Duplicate measurements of the diffusing capacity for carbon monoxide (TF) were made by the single-breath method of Ogilvie et al. (1957) . Patients were not tested during an exacerbation of bronchitis. In 1972 and 1974 the FEV, measurements were obtained from the best of three attempts using a dry wedge spirometer. During the winters of 1971-1973 monthly measurements were made of the resting pulse, the indirect arterial carbon dioxide tension (Paco2), and the peak expiratory flow rate (PEFR).
At the beginning of the study an oxygen electrode was not available, so the oxygen saturation percentage (Sao2) was measured by a Kipp haemoreflector. In 1972 and 1974 the arterial blood studies had included measurements of the arterial oxygen tension (Pao2) using an oxygen electrode. The PaCo2 was measured indirectly by the rebreathing method of Campbell and Howell (1960) , assuming a difference of 6 mmHg between mixed venous and arterial tensions. Since the RV/total lung capacity (TLC) is already a percentage we have expressed this as a + or -difference compared with the predicted RV/TLC. During the first five winters patients received by random allocation 0, 2, 3 or 5 six-month periods of chemoprophylaxis with tetracycline, 500 mg twice daily. In addition, a similar dose was administered during any exacerbation of bronchitis associated with purulent sputum. For the next five years the antibiotic regimen varied in duration and drug, some patients receiving ampicillin, doxycycline or cotrimoxazole in place of tetracycline.
Of the 79 patients studied in 1968, 56 were available in 1974, and the same clinical, radiographic, and pulmonary function tests were repeated. At the final review in 1974 a detailed account of the duration of winter antibiotic treatment was recorded. The duration of antibiotic treatment varied from 0 to 10 winters, and this figure is the treatment factor. Repeated efforts were made to stop these patients smoking. The majority of these patients have been personally reviewed by the same medical team on 43 occasions between 1963 and 1974. Clinical information is available for 56 patients and complete radiographic studies and pulmonary function results for 54. The weekly consumption of cigarettes, the grade of dyspnoea, the 24-hour sputum volume and character, the antibiotic treatment factor, and chest radiograph report were all linked to the pulmonary function results for the years 1963, 1969, 1972, and 1974 .
RESULTS
The changes over a 10-year period are shown in Table I and this records the number of deaths with the principal causes. At least 24 patients have died. The predicted mortality for men of this age and locality is 17 according to data available from the Registrar General's tables. The mortality in our group is higher (X2 comparing observed and predicted values shows a significant difference at the 0 005 level) (Table II) . We have separated deaths recorded due to myocardial infarction (7) from those described as (Cotes, 1968 (Table IV) , and the effects of sputum volume, smoking history, 
DISCUSSION
Considering the long period of the survey and the number of attendances for specialized tests, it is not surprising that 29 of the original 111 patients defaulted. It is important to know whether this loss has affected the results in the remainder. We believe this is not so since the mean FEV1 for the original group was 1-7 1. and the mean FEV1 of those who defaulted was 1-8 1.
Our patients had already a considerable degree of airways obstruction as measured by the FEV1 compared with those reported by Bates (1973) We have found that emphysema as defined radiologically progresses very slowly over a 10-year period. This is in agreement with the report of Simon (1971) . However, in our patients with more advanced obstructive airway disease approximately one-quarter had evidence of emphysema when first examined. Thurlbeck et al. (1970) found that tests of carbon monoxide uptake provide the best correlation with the extent of emphysema at necropsy but even these will not always diagnose the extent of emphysema. In our own series 28 patients had a TF < 85 % of predicted and from Thurlbeck's data these should have shown evidence of emphysema. If the RV/TLC ratio were substituted then 26 patients exceeded the predicted values by + 10. The fact that only 14 patients were reported as showing radiological evidence of emphysema is not surprising since it is recognized that the earlier stages of emphysema are not easily detected. We were unable to show a close relation between the presence of radiological emphysema on the one hand and a combined reduced TF and raised RV/ TLC on the other. Among the 14 patients only eight had a TF < 85 % of predicted and nine a RV/TLC exceeding + 10 of predicted. It should be noted that in our patients who continued to smoke there was a significant decline in TF. The fall in TF may be due to some extension of emphysema which cigarette smoking is known to aggravate (Hutchison, 1973) .
In our earlier report we observed that chemoprophylaxis and the control of respiratory infections delayed the decline in the FEV1. This has not been confirmed over the 10-year period and our further results are in line with those of Bates (1973) and Ogilvie et al. (1973) . This apparent failure may be attributed to the lack of good tests for small airway function in the early 1960s or due to the fact that our drugs were mainly antibacterial and therefore ineffective against viral infections. If it is correct that the effects of cigarette smoking and intercurrent respiratory infections operate primarily on the small airways (and future studies are needed to test these views) these results are not surprising. Our results should not be construed as evidence to encourage the bronchitic to smoke and to neglect the treatment of intercurrent infections. Rather antibacterial treatment is necessary on clinical grounds to control further extension of infection, and smoking should be stopped for at least one very important reason, namely, to prevent bronchial carcinoma. 
